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appeared uninhibited on both levels of hygromycin. The 
control callus appeared to have about 80% of the weight gain 
of 13E. The callus lines were transferred to fresh media at 
the same respective levels of hygromycin. 


Y. Confirmation of Transformed Callus 


A Southem blot was prepared from DNA from the line 
24C. As shown in FIG. 6B, a band was observed for the line 
24C at the expected size of 1.05 Kb showing that the line 
24C contained the HPT coding sequence. No band was 
observed for DNA from control tissue. The name of the 
callus Jine 24C was changed to PH2. 


Vi. Plant Regencration and Production of Seed 


The line 24C along with unselected contro} callus were 
placed onto RM5 medium to regenerate plants as in 
Example I]. After 16 d the callus was transferred to R5 
medium as in Example I 


EXAMPLE I 


The procedure of Example I was repeated exactly except 
that different plasmids were used. 


The plasmids pBIW221 and pHYGI] described in Example 
I were used as well as pMS533 which is a plasmid that 
contains the insecticidal Bacillus thuringiensis endotoxin 
(BT) gene fused in frame with the neomycin phosphotrans- 
ferase (NPTID pene. 5' of the fusion gene are located 
segments of DNA from the CaMV 355 and nopaline syn- 
thase promoters. 3' from the fusion gene are segments of 
DNA derived from the tomato protease inhibiior I gene and 
the poly A region of the nopaline synthase gene. 


Callus was bombarded exactly as in Example I except that 
the DNA used in the tungster/DNA preparations differed. 
Two tubes contained plasmids pHYGI1 and pM$533 and 
one tube contained mo plasmid but 5 ul TE-1 (10 mM 
Tris-HCI pH 8.0, 1 mM EDTA pH &.0). 


The following bombardments were done: 





9 x pHY GI/pM5533 
2X TE prep 


Polential positive treatment 
Control treatment 





After bombardment the callus from the pHYGI1/pM3$533 
treatments was placed onto round 1 selection plates, F 
medium containing 15 me/l hygromycin, as ten 25 mg 
pieces per plate. The same was done for one of the plates 
bombarded with the TE preparation (selected control callus). 
One plate of callus bombarded with the TE preparation was 
placed onto F medium with no hygromycin; this callus was 
maintained throughout the ongoing experiment as a source 
of control tissue and was referred io as unselected control 
callus. 


After 12 d the callus on round 1 selection plates appeared 
to show about 90% of the weight gain of the unselected 
control callus. Ajl of the callus was transferred from round 
1 selection plates to round 2 selection plates containing 60 
me/l hygromycin as ten 30 mg pieces per plate. 

After 22 d of selection on round 2 selection plates, the 
callus appeared completely uninhibited. All of the callus was 
transferreci from round 2 selection plates to round 3 selection 
plales containing 60 mg/l hygromycin. 

At 74 d post-bombardment a single viable sector was 
observed proliferating fom the surrounding necrotic Ussue. 
The callus fine was from pHYGI1/pMS533 treated material 
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and was designated 86R. The callus line 86R was transferred 
to F medium. 


After 24 d the callus line 86R had grown substantially. 
Portions of the callus were then transferred to (i) F media 
containing 15 me/l hygromycin and (ii) F media containing 
60 mg/l hygromycin. Control callus was plated on F media 
with 15 mg/l hygromycin. 

After 19 d of culture, the callus line 86R appeared to grow 
rapidly and was uninhibited on both levels of hygromycin. 
The control callus appeared to have only about 50% of the 
weight gain of 86R. The calhus lines were transferred to fresh 
media at the same respective levels of hygromycin to further 
test the resistance of the callus line 86R to hygromycin: 


COMPARATIVE EXAMPLE A 


The basic procedures of Examples i-HI have been 
attempted except varying the selection regime or the form of 
the callus. These other attempts, which are detailed in Tabie 
2 below, were not successful. Since they were not repeated 
several times, itis not known whether they can be made to 
work. In all of the procedures, no viable sectors were 
observec. In the Table, ‘Sieved” indicates that the callus was 
passed through an 860 micron sieve before bombardment; 
the selective agent was hygromycin for each case except 
when pMXTI1 was the plasmid and methotrexate the selec- 
tion agent. 





TABLE 2 
Summary of Comparative Example A 
Round Round Round 
Recip.. Recov, ] 1 Z Round 2 
Tissue Plasmids Period Level Period Level Period 
Clumps pCHNi-l 13 60) 2} 60 Bi 
pBH2z2h 
Clumps pCHNI-i 14 100 22 — -- 
pRIE22} 
Clamps pHyYGu 8 & 19 30 132 
p32} 
Clumps pCHNI-i 0 30 22 60 109 
pBL221 
Clumps pMTXxii 8 3 103 — _ 
pBU22i 
Sieved pCHN}-! 13 -— — mee — 
pBL221 


What is claimed is: 

1. A process for producing a fertile wansgenic Zea mays 
plant comprising the steps of (i) bombarding intact regen- 
erable Zea mays cells with DNA-coated microprojectiles, 
Gi) identifying or selecting a population of transformed 
celis, and (iii) regenerating a fertile transgenic plant there- 
from, wherein said DNA is transmitted through a complete 
sexual cycle of said transgenic plant to its progeny, and 
imparts herbicide resistance thereto. 

2. The process of claim 1 wherein the fertile transgenic 
Zea mays plant is regenerated from transformed embryo- 
penic lissue. 

3. The process of claim 1 wherein the cells are derived 
from immature embryos. 

4. A process comprising obtaining progeny from a fertile 
transgenic plant obtained by the process of claim 1 which 
comprise said DNA. 

5. The process of claim 4 wherein said progeny are 
obtained by crossing said fertile transgenic plant with an 
inbred line. 

&. The process of claim 4 compnsing obtaining seed from 
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said progeny and obtaining further progeny plants compris- 
ing said DNA from said seed. 

7. The process of claim 5 wherein the progeny obtained 
are crossed back to the inbred line, to obtain further progeny 
which comprise said DNA. 

8. The process of claim 6 wherein seeds are obtained from 
said further progeny plants and plants comprising said DNA 
are recovered from said seed. 

9. The process of claim 7 wherein said further progeny are 
crossed back to the inbred line to obtain progeny which 
comprise said DNA. 

10. A process for producing a fertile transgenic Zea mays 
plant comprising the steps of @) bombarding intact regen- 
erable Zea mays cells with DNA-coated microprojectiles, 
(ii) identifying or selecting a population of transformed 
cells, and (iii) regenerating a fertile transgenic plant there- 
from, wherein said DNA is transmitted through a complete 
sexual cycle of said transgenic plant to its progeny, wherein 
the DNA imparts insect resistance thereto. 

11. The process of claim 10 wherein the fertile transgenic 
Zea mays plant is regenerated from transformed embryo- 
genic tissue, 
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12.. The process of claim 10 wherein the cells are derived 
from immature embryos. 

13. A process comprising obtaining progeny from a fertile 
transgenic plant obtained by the process of claim 10, which 
comprise said DNA. 

14. The process of claim 13 wherein said progeny are 
obtained by crossing said fertile transgenic plant with an 
inbred line. 

15. The process of claim 13 comprising obtaining seed 
from said progeny and obtaining further progeny plants 
comprising said DNA from said seed. 

16. The process of claim 14 wherein the progeny obtained 
are crossed back to the inbred line, to obtain further progeny 
which cornprise said DNA. 

17. The process of claim 15 wherein seeds are obtained 
from said further progeny plants and plants compmising said 
DNA are recovered from said seed. 

18. The process of claim 16 wherein said further progeny 
are crossed back to the inbred line to obtain progeny which 
comprise said DNA. 
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work. In all of the procedures, no viable sectors were 
observed. In the Table, “Sieved” indicates that the callus was 
passed through an 860 micron sieve before bombardment; 
the selective agent was hygromycin for cach case excep! 
wheo pMATII was the plasmid and metholrexale the selec- 
lion agent 








TABLE 4 
Summary of Comparative Examole A 
Round Raund Round Round 
Recip. Recow. } 3 2 : 
Tissue Plusmids Period Level Period = Level Period 
Clumps pCHNi-1 13 60 2] &0 81 
pRIT223 
Clumps pCHNi-] 14 tx) 22 ~ — 
pBH73 
Clamps piTYGt? § 60 19 30 152 
pBH= 
Clumps pCHNt-] p 3) — 60 109 
pisthzz] 
Clumps pMTXf{] 8 3 303 — vom 
pBt221 
Sieved PCHNI-1 33 vo — — vee 
pBiiz21 





What ts claimed is: 

1. A process for producing a fertile transgenic Zea mays 
plan! compnsing the steps of {t) bombarding intact regen- 
erable Zea mays cells with DNA-<coated microprojectiles, 
wherein said DNA comprises at least a screenable marker 
gene; {i1) selecting a population of transformed cells 
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expressing the selectable marker gene; and (iti) regenerating 
a fertile transgenic plant therefrom, wherein said DNA is 
expressed so a5 to impart glyphosate resistance to said 
transgenic plant and is transmitted through a normal sexual 
cycle of said transgenic plant to progeny plants 

2. The process of claim 1 wherein the fertile transpenic 
Zea mays plant is regenerated from transformed embryo- 
gonic tissue. 

3. Yhe process of claim 1 wherein the cells are derived 
from immature embryos. 

4. The process of claim 1 whercio said DNA encodes an 
EPSP synthase. 

5. The process of claim 1 further comprising obtaining 
transgenic glyphosate resistan! progeny plants of subsequent! 
generations from said fertile transgenic plant. 

6 The process of claim 5 further comprising obtaining 
seed from one of said progeny plants. 

7. A process for producing seed comprising: 


{a) providing a fertile transgenic Zea mays produced by 
the process of cliim 1, plant comprising heterologous 
herilable DNA that is expressed so as to impart gly- 
phosate resistance to said transgenic Zea mays plant; 

(b) cultivating said transgenic Zea nays plant; 

(c) obtaining seed from said cultivated Zea mays plant. 


§. The process of claim 7 wherein the DNA encodes an 
EPSP synthase. 
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(57) ABSTRACT 


This invention involves a cloning or expression vector 
comprising a gene which encodes 5-enolpyruvylshiki- 
mate-3-phosphate synthase (EPSPS), polypeptide 
which, when expressed in a plant cell contains a chloro- 
plast transit peptide which allows the polypeptide, or an 
enzymatically active portion thereof, to be transported 
from the cytoplasm of the plant cell into a chloroplast in 
the plant cell, and confers a substantial degree of gly- 
phosate resistance upon the plant cell and plants regen 
erated therefror. 


The EPSPS coding sequence may be ligated to a strong 
promoter, such as the 35S promoter from cauliflower 
mosaic virus, to create a chimeric gene. Such genes can 
be inserted into plant transformation vectors, and subse- 
quently introduced into plant cells. Plant cells trans- 
formed using such genes and plants regenerated there- 
from have been shown to exhibit a substantial degree of 
glyphosate resistance, 
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plasts in vitro and proteolytically processed in the cor- 
rect fashion. 
The EeoRI/Sphl fragment from pMON6242 was 
fused ta the Sphi site from wheat ssRUBISCO and 
cloned into plasmid pIBI to give pMON6149, In vitro 
transcription/translation of pMON6149 pave a single 
polypeptide of the predicted molecular weight for the 
fusion protein (~23 kD). Chloroplast import assays in 
vitro showed that the chimeric protein was transported 
into the stroma and proteolytically cleaved to a final 
product of ~15 kD (the ssRUBISCO has a molecular 
weight of 15 kD). 
These results show that the EPSPS CTP alone con- 
fers sufficient information to target a heterologous pro- 
tein to the chloroplast stroma. 
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We claim: 

1, A chimerio plant gene which comprises: 

(a) 2 promoter sequence which functions in plant 
cells: 

(b) a coding sequence which causes the production of 
RNA, encoding a chloroplast transit peptide/5- 
enolpyruvylshikimate-3-phosphate synthase fusion 
polypeptide, which chloroplast transit peptide per- 
mits the fusion polypeptide to be imported into a 
chloroplast of a plant cell; and 

(c) 2 3’ non-translated region which encodes a po- 
lyadenylation signal which functions in plant cells 
to cause the addition of polyadenylate nucleotides 
to the 3’ end of the RNA; 

the promoter being heterologous with respect to the 
coding sequence and adapted to cause sufficient expres- 
sion of the fusion polypeptide to enhance the glyphosate 
resistance of a plant cell transformed with the gene. 

2. A chimeric gene of claim 1 in which the promoter 
sequence is a plant virus promoter sequence. 

3. A chimeric gene of claim 2 in which the promoter 
sequence is a promoter sequence from cauliflower mo- 
saic virus (CaMV). 

4. A chimeric gene of claim 3 in which the promoter 
sequence is the CaMV35S promoter sequence. 

5. A chimeric pene of claim 1 in which the coding 
sequence encodes a mutant 5-enolpyruvylshikimate-3- 
phosphate synthase (EPSPS). 

6. A chimeric gene of claim 1 in which the EPSPS 
coding sequence encodes an EPSPS from an organism 
selected from the group consisting of bacteria, fungi and 
plants. | 

7. A chimeric gene of claim 1 in which the chloro- 
plast transit peptide is from a plant EPSPS gene. 

8. A cloning or expression vector comprising a chi- 
meric plant gene of claim 1. 

9. A cloning or expression vector of claim 8 in which 
the chimeric plant gene encodes a chloroplast transit 
peptide of a plant EPSPS gene. 
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10. A cloning or expression vector of claim 9 in 
which the chimeric plant gene comprises a promoter 
sequence from a plant virus, 

11. A cloning or expression vector of claim 10 in 
which the promoter sequence is a promoter sequence 
from cauliflower mosaic virus ( 

12. A cloning or expression vector ‘of claim 11 in 
which the promoter sequence is the CaMV35S pro- 
moter SEQUENCE. 

13. A cloning or expression vector of claim 8 in 
which the chimeric plant gene comprises a coding se- 
quence encoding a mutant 5-enolpyruvylshikimate-3- 
phosphate synthase. 

14. A cloning or expression vector of claim 8 in 
which the coding sequence encodes an EPSPS from an 
organism selected from the group consisting of bacteria, 
fungi and piants. 

15. A plant transformation vector which comprises a 
chimeric gene of claim 1. 

16. A plant transformation vector of claim 15 in 
which the chimeric plant gene encodes a chloroplast 
transit peptide of a plant EPSPS gene. 

17, A. plant transformation vector of claim 15 in 
which the chimeric plant gene comprises a promoter 
sequence from a plant virus. 

18. A. plant transformation vector of claim 17 in 
which the promoter sequence is a promoter sequence 
from cauliflower mosaic virus (C 

19. A plant transformation vector of claim 18 in 
which the promoter sequence is the CaMV355 pro- 
moter sequence. 

20. A plant transformation vector of claim 15 in 
which the chimeric plant gene comprises a coding se- 
quence encoding a mutant 5-enolpyruvylshikimate-3- 
phosphate synthase. 

21. A plant transformation vector of claim 15 in 
which the coding sequence encodes an EPSPS from an 
organism selected from the group consisting of bacteria, 
fungi and plants. 

22, A plyphosate-resistant plant cell comprising a 
chimeric plant gene of claim 1. 

23, A glyphosate-resistant plant cell of claim 22 in 
which the promoter sequence is a plant virus promoter 
sequence. 

24. A, glyphosate-resistant plant cell of claim 23 in 
which the promoter sequence is a promoter sequence 
from cauliflower mosaic virus (CaMy), 

25, A glyphosate-resistant plant cell of claim 24 in 
which the promoter sequence is the CaMV358 pro- 
moter sequence. 

26. A glyphosate-resistant plant cell of claim 22 in 
which the coding sequence encodes a mutant 5-enol- 
pyruvylshikimate-3-phosphate synthase, 

27. A glyphosate-resistant plant cell of claim 22 in 
which the coding sequence encodes a EPSPS from an 
organism selected from the group consisting of bacteria, 
fungi and plants. 

28. A glyphosate-resistant plant cell of claim 22 in 
which the chloroplast transit peptide is from a plant 
EPSPS gene. 

29. A glyphosate-resistant dicotyledonous plant 
which hes been regenerated from a glyphosate-resistant 
plant cell comprising the chimeric plant gene of claim 1. 

30. A glyphosate-resistant plant of claim 29 in which 
the promoter sequence is a plant virus promoter se- 
quence. 

31. A glyphosate-resistant plant of claim 30 in which 
the promoter sequence is a promoter sequence from 
cauliflower mosaic virus (CaMV) 
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32. A elyphosate-resistant plant of claim 31 in which 
the promoter sequence is the CaMv35S promoter se- 
quence. 

33. A glyphosate-resistant plant of claim 29 in which 
the chimeric plant gene comprises a coding sequencé 
encoding a mutant 5-enolpyruvylshikimate-3-phosphate 
synthase. 

34. A glyphosate-resistant plant of claim 29 in which 
the coding sequence encodes an EPSPS from an organ- 
ism selected from the group consisting of bacteria, fungi 
and plants. 

35. A glyphosate-resistant plant cell of claim 29 in 
which the chloroplast transit peptide is from a plant 
EPSPS gene. 

36. A method for producing a glyphosate-resistant 
dicotyledonous plant which comprises 

(a) transforming plant cells using an Agrobacterium 

transfortnation vector comprising a chirneric plant 
gene of claim 1: and 

(b) regenerating glyphosate-resistant plants from said 

transformed plant cells. 

37. A method of claim 36 in which the chimeric plant 
gene comprises a plant virus promoter sequence. 

38, A method of claim 37 in which the promoter 
sequence ig a promoter sequence from cauliflower mo- 
saic virus (CaMV). 

39, A method of claim 38 in which the promoter 
sequence is the CaMV35S promoter sequence. 

49. A method of claim 36 in which the chimeric gene 
comprises a coding sequence encoding a mutant 5-enal- 
pyruvylshikimate-3-phosphate synthase. 

41, A method of claim 36 in which the coding se- 
quence encodes an EPSPS from an organism selected 
from the group consisting of bacteria, fungi and plants. 

42, A method of claim 36 in which the coding sc- 
quence encodes the chloroplast transit peptide from a 
plant EPSPS gene, 

43, A method for producing a glyphosate-resistant 
plant cell which comprises transforming the plant cell 
with a plant transformation vector of claim 15. 

44. A method of claim 43 in which the chimeric gene 
comprises a promoter sequence from a plant virus. 

45, A method of claim 44 in which the promoter 
sequence is a promoter sequence from cauliflower mo- 
saic virus (C 

46. A method of claim 45 in which the promoter 
sequence is the CaMV355S promoter sequence. 

47, A method of claim 43 in which the chimeric gene 
comprises a coding sequence encoding a mutant 5-enol- 


_pyruvylshikimate-3-phosphate synthase, 


48, A method of claim 43 in which the coding se- 
quence encodes an EPSPS from an organism selected 
from the group consisting of bacteria, fungi and plants. 

49, A method of claim 43 in which the coding se- 
quence encodes the chloroplast transit peptide from a 
plant EPSPS gene. 

5D. A glyphosate-resistant tomato cell of claim 22. 

51, A glyphosate-resistant tobacco cell of claim 22. 

52. A glyphosate-resistant oil seed rape cell of claim 
22. 

53. A glyphosate-resistant flax cell of claim 22. 

54. A glyphosate-resistant soybean cell of claim 22. 

55. A glyphosate-resistant sunflower cell of claim 22. 

56. A glyphosate-resistant suger beet cell of claim 54. 

57. A glyphosate-resistant alfalfa cell of claim 22. 

58. A glyphosate-resistant cotton cell of claim 22, 

59. Plasmid pMONS46, ATCC accession number 
33215: 
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THIS EXHIBIT HAS BEEN 
REDACTED IN ITS ENTIRETY 


